SUMMARY Serial simultaneous M mode echocardiograms, phonocardiograms, and apexcardiograms were recorded and digitised in 20 patients with a first myocardial infarction immediately after and two, three, seven, and 56 days after hospital admission. Left ventricular maximum and minimum dimensions, normalised maximum rate of change of dimension during systole and diastole, and three previously defined indices of the coordination of left ventricular wall motion were measured.
Myocardial infarction causes abnormalities of left ventricular wall motion. Reduced amplitude of endocardial motion and abnormal wall thinning are both well recognised features and may be identified noninvasively using M model 2 or cross sectional echocardiography.3 4 Another less well recognised class of disturbance of left ventricular wall motion is that involving abnormalities of timing (incoordination). Such Accepted for publication 1 December 1983 when M mode echocardiograms recorded simultaneously with a phonocardiogram and apexcardiogram are analysed using a digitising technique. Shortening of the time interval between aortic valve closure (A2) and minimum cavity dimension5 and abnormal left ventricular dimension change during the period of inscription of the upstroke of the apexcardiogram6 and during isovolumic relaxation7 are indices which when identified imply incoordinate left ventricular wall motion during early systole and early diastole.
We made serial recordings of simultaneous M mode echocardiograms, phonocardiograms, and apexcardiograms in 20 patients with an acute myocardial infarction and analysed them using the digitising method to identify incoordinate left ventricular wall motion. Our aims were (a) to determine the incidence of incoordinate left ventricular wall motion after 546 (c) to establish its relation with the clinical state of the patient.
Patients and methods
Twenty patients (16 men , four women; age range 32-75 (mean 54) years) admitted to hospital with severe chest pain but without a previous history of myocardial infarction were studied. These were patients in whom an echocardiogram and apexcardiogram of a high technical quality could be recorded. All patients had serial increases in cardiac enzyme activity and had electrocardiographic abnormalities which confirmed the diagnosis of acute myocardial infarction. Clinical details are shown in Table 1 . A full thickness infarction was defined as the development of Q waves in the electrocardiogram that persisted throughout follow up. A partial thickness infarction was defined as T wave abnormalities (without the development of Q waves) which usually reverted towards normal during recovery. Heart failure was considered to complicate the episode of infarction if the patient complained of breathlessness and had the radiological features of pulmonary venous congestion and pulmonary oedema. All patients, except one who died of ventricular fibrillation at 11 days, survived for 56 days after an acute infarction.
RECORDING TECHNIQUES
Simultaneous echocardiograms, apexcardiograms, phonocardiograms, and electrocardiograms were recorded with the patient in the left semilateral position. Echocardiograms were recorded with a Smith
Dawson, Sutton Kline Ekoline 20 ultrasonoscope using a 2*25 MHz transducer. Clear continuous recordings of the left ventricular septal and posterior wall endocardium at the level of mitral valve were obtained. Apexcardiograms were obtained using a Cambridge Scientific Instruments transducer with a four second time constant and a lower frequency limit of 0-04 Hz. All apex cardiograms had a well defined C point (the inflection at the start of the upstroke) and E point (the point marking discontinuation of the rapidly rising portion of the upstroke). Phonocardiograms were obtained using a Cambridge Leatham microphone with a high frequency filter positioned at the base of the heart where splitting of the second heart sound was most obvious clinically. Tracings were made photographically using a Cambridge multichannel recorder at a paper speed of 100 mm/s (Fig. 1) .
Initial recordings were made between six and 12 hours after the onset of chest pain and subsequent measurements were made two, three, seven, and 56 days after infarction. In three patients on day 2, one patient on day 7, and two patients on day 56 the recordings obtained were not of sufficient technical quality and were therefore excluded from further analysis.
Recordings were digitised8 and plots obtained showing the original data, the continuous left ventricular dimension with time, the rate of change of dimension with time normalised to refer to unit length of dimension, and an apexcardiogram-left ventricular dimension loop (Fig. 2) .
From the recordings made on each day, two separate cardiac cycles were analysed and the following 
Results

ALL PATIENTS
Detailed results for the group as a whole are shown in Table 2 and Fig. 3 , which also contain, for comparative purposes, normal values derived from previously published data.6 9 Throughout the study left ventricular maximum and minimum dimensions remained within the normal range. Heart rate was highest in the first three days after infarction. Isovolumic relaxation time on admission was prolonged (p<0.00l) and did not change during the study. Peak velocity of circumferential fibre shortening was within the normal range immediately after infarction but fell with time and by day 56 was abnormally low (p<O0Ol). Peak rate of dimension increase during diastole was reduced on admission from normal (p<O001) and remained unchanged throughout the study.
Incoordinate wall motion was present in all patients. In normal subjects aortic valve closure (A2)
is constantly related to minimum cavity dimension with A2 preceding the latter by 50+15 ms.9 This time relation was distorted in patients after infarction. The greatest abnormalities were evident in the first three days after infarction with, in many patients, A2 occurring not before but after minimum cavity dimension. With time, values tended to regress towards normal (Fig. 3a) . Similarly left ventricular dimension change during isovolumic relaxation was also appreciably abnormal on admission and showed a similar pattern of partial return towards normal (Fig. 3a) . Left ventricular dimension change during the upstroke of the apexcardiogram was also abnormal on admission but, in contrast to the other two indices of coordinate wall motion, showed no tendency to return to normal during follow up (Fig. 3a) .
SITE OF INFARCTION
Throughout the study there was no relation between
Dawson, Sutton the site of infarction and maximum or minimum left ventricular dimensions, duration of isovolumic relaxation, peak velocity of circumferential fibre shortening, or peak rate of dimension increase during diastole. Heart rate was higher in patients with anterior infarcts (n= 15) than in those with inferior infarcts (n= 5) (p<0-01) reflecting the presence of heart failure in some patients with anterior infarctions. Fig. 3b compares the two groups with respect to incoordinate left ventricular wall motion. Early diastolic abnormalities were significantly greater in patients with anterior infarcts than in those with inferior infarcts. In contrast abnormal left ventricular dimension changes during the period of the upstroke of the apexcardiogram were similar in each group.
TYPE OF INFARCTION
Fourteen patients had full thickness infarctions and six partial thickness infarctions, (Fig. 3c) . In the first two days after infarction these two groups were indistinguishable except with respect to heart rate, which was higher in patients with full thickness infarctions. Nevertheless, differences became apparent during further follow up: at 56 days after infarction, there were differences between patients with full and partial thickness infarcts in left ventricular maximum dimension (5.6±0.2 cm and 4.5+0-3 cm respectively; p<O.Ol), left ventricular minimum dimension (4.1+0.2 cm and 2-9+0-2 cm respectively; p<0-01), and peak velocity of circumferential fibre shortening (1.9±0-2 and 2.7O0-9 respectively; p<005) but not in isovolumic relaxation time or peak rate of dimension increase during diastole.
In patients with partial thickness infarcts, the three indices of coordinate left ventricular wall motion that were initially abnormal each regressed almost completely to normal values, whereas in those patients with full thickness infarcts, although partial regression was observed, there were considerable residual abnormalities (Fig. 3c) . Table 2 Serial measurements of left ventricular maximum and minimum dimensions, peak velocity of circumferentialfibre shortening, normalised peak rate ofdimension increase during diastole, isovolumic relaxation time, and heart rate in the 20 study patients. Values group.bmj.com on April 14, 2017 -Published by http://heart.bmj.com/ Downloaded from 550 PRESENCE OF HEART FAILURE Clinical evidence of heart failure complicated acute myocardial infarction in seven of the 20 patients studied. In the first three days after infarction, patients with heart failure were indistinguishable echocardiographically from those without except that heart rate was higher (p<0.05). Left ventricular maximum and minimum dimensions were not increased acutely in those patients with heart failure, and the indices of coordinate left ventricular wall motion were abnormal to a comparable degree in the two groups (Fig. 3d) . Again, differences were apparent by 56 days after infarction. When heart failure had been present both maximum (5.9±0.3 cm) and minimum (4*4±0.4 cm) left ventricular dimensions were increased (p<005) compared with those without heart failure (5.0+±03 cm and 3-3+0*3 cm respectively), and evidence of incoordinate left ventricular wall motion was more pronounced (Fig. 3d) 
Discussion
Numerous echocardiographic studies using both M mode and cross sectional techniques have been performed in patients with acute myocardial infarction. '-4 H-18 In the majority of these studies reduced amplitude of endocardial motion (asynergy) has been used as the hallmark identifying regional abnormalities of left ventricular wall motion. Although the resolution of M mode echocardiography is such that precise definition of the position of the endocardium throughout the cardiac cycle can be obtained,'9 in the assessment of asynergy the narrow ultrasound beam has the major disadvantage of visualising only a small segment of the left ventricle. Thus in some patients with acute myocardial infarction the presence of asynergy may not be observed.' The sensitivity of M mode in detecting asynergy may be increased by using multiple views,"I 12 but this method and its analysis have the disadvantage of being complex and time consuming.
Because it enables the entire left ventricle to be visualised cross sectional echocardiography is in general more successful than M mode in detecting asynergy; however, the resolution of the technique does not always allow precise identification of the endocardial position.20 In addition, the definition of asynergy lacks standard criteria and usually analysis of wall motion depends on a subjective semiquantitative approach. 2 Abnormal left ventricular wall motion was found both in patients with anterior and inferior infarcts, but the pattern of abnormality of the three measurements of coordination differed between the two groups. In patients with inferior infarctions only the measurement of left ventricular dimension change during the period of upstroke of the apexcardiogram was abnormal whereas in those patients with anterior infarcts all three measurements of coordination were abnormal. This finding has no definite explanation and may have been due to chance; those patients with inferior infarcts comprised a small group who differed from those with anterior infarcts in having smaller (as defined by mean maximal rise in cardiac enzyme activity) uncomplicated infarcts.
Heart failure complicated acute myocardial infarction in seven of the 20 patients in this study. These seven patients had significantly larger infarcts, estimated by maximal activity of cardiac enzymes, than those without heart failure (p<0-001). In the first three days after myocardial infarction, however, there were no significant differences with respect to the three measurements of coordinate left ventricular wall motion between patients with and without heart fail- In this study in patients without a previous history of myocardial infarction the echocardiographic determination of left ventricular dimension in the first three days after infarction failed to distinguish between those patients with and those without heart failure. This contrasts with the findings of several previous echocardiographic studies' 18 but is in accordance with the findings of others who,2 16 The results of this study have several clinical implications. The detection and serial evaluation of incoordinate left ventricular wall motion may be a useful diagnostic indicator in those patients admitted to hospital with chest pain in whom the electrocardiogram and measurement of cardiac enzyme activity are unhelpful in determining if myocardial ischaemia has occurred. By allowing the non-invasive detection of reversible myocardial ischaemia serial studies may identify a group of postinfarction patients in whom there is residual jeopardised myocardium and who may have a high incidence of subsequent myocardial infarction or sudden death.
Finally, our observations suggest that left ventricular wall motion and function in the acute phase after myocardial infarction cannot adequately be described by a single echocardiographic measurement or derived index. We thus advocate caution in using echocardiography to make early estimates of infarct size, and hence assessment of prognosis, in patients with acute myocardial infarction.
